To determine the impact of race/ethnicity on mortality and morbidity such as intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL), bronchopulmonary dysplasia (BPD) and bacteriologically confirmed sepsis, assisted ventilation, surfactant administration, intrauterine growth retardation (IUGR), and patent ductus arteriosus (PDA) among very prematurely delivered infants.
INTRODUCTION
Evaluation of pregnancy outcome with respect to maternal race and ethnicity is the topic of intense investigation. [1] [2] [3] [4] Preterm birth, low birth weight (BW), and infant mortality are the pregnancy outcome variables usually studied to define differences based on race and ethnicity. [5] [6] [7] [8] [9] However, serious neonatal morbidity is also an important outcome that may impair the quality of life in preterm infants. 10, 11 Despite the growing concerns about racial and ethnic discrepancy in neonatal outcome, the literature on this subject is somewhat limited. [12] [13] [14] The main purpose of this study was to determine the association of specific neonatal morbidity among preterm neonates with race and ethnicity.
METHODS
A retrospective analysis was performed of a cohort of all preterm neonates with gestational age 22-32 weeks discharged between 1998 and 2001 from a major regional perinatal center in New Jersey with a level three Neonatal Intensive Care Unit (NICU). 15 The NICU discharge data files were utilized for the analysis. These files are produced annually and include data from the neonatal charts and discharge records. The NICU physicians entered the original information to the summary files. Information available from these files includes gestational age (GA), plurality, BW, Apgar score at 1 and 5 min, maternal race/ethnicity, neonatal morbidity and mortality, frequency and duration of assisted ventilation, and surfactant administration.
The gestational age of neonates was determined by the maternal date of the last menstrual period and the results of early and prior to delivery ultrasound examinations. Maternal and infant variables were coded. The standard racial/ethnical categories as a combination of the basic racial (black and white) and Hispanic original (Hispanic or Latino) were used. American Indians or Alaskans and Native Asian or Pacific Islanders were classified as Other racial/ethnic group.
The main outcome of interest in these analyses was causespecific morbidity such as intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL), bronchopulmonary dysplasia (BPD), and bacteriologically confirmed sepsis. The following neonatal medical conditions that influence the outcome variables were analyzed: Apgar scores at 1 and 5 min, hyperbilirubinemia, thrombocytopenia, intrauterine growth retardation (IUGR), patent ductus arteriosus (PDA), assisted ventilation, and surfactant administration. Mortality was defined as death before discharge. Infants who were discharged home or transferred to another hospital were categorized as survivors. BPD was defined as a requirement for oxygen supplementation at 36 weeks postmenstrual age. The diagnosis of IVH and PVL was based on the results of cranial ultrasound examinations. In addition to the clinical and chest X-ray findings, echocardiography was used to confirm the PDA. 16, 17 A diagnosis of thrombocytopenia was made if the platelet count was less than 150,000/ml. 18 A diagnosis of sepsis was confirmed by bacteriological positive blood or spinal fluid culture.
A total number of 1006 preterm neonates with gestational age equal to or less than 32 weeks (range 22 to 32 weeks) were included in the analysis. Infants born with congenital malformations were excluded from the study population. Data were stratified by maternal race/ethnicity and classified as white, black, Hispanic and Other. The Other group was mostly of Asian origin. Analyses of neonatal morbidity and mortality were conducted using three gestational age categories: 22 to 24, 25 to 28, and 29 to 32 weeks. Plurality (singleton and multiple births) was also included in the data analysis.
Coding and quality control of the discharge data were performed prior to the analysis. Statistical analysis was performed using ''STATISTICA'' software (Statistica for Windows, 1984-1994, StatSoft, Inc.). In addition to descriptive statistics, w 2 test was used to determine the difference in proportion of neonatal morbidity and mortality between groups of neonates divided by race/ethnicity. An analysis of variance was used to assess the differences in the continuous variables. Post hoc comparisons were carried out by Tukey honest significant difference test for unequal subject numbers to determine the differences of GA, BW and Apgar score means. Continuous data are presented as mean±standard deviation (SD). p-value <0.05 were considered statistically significant.
RESULTS
Of 1006 infants eligible for analysis, 54.3% (547) were white, 21.7% (218) were black, 13.7 % (138) were Hispanic, and 10.3% (103) were of other racial or ethnic groups; 114 (11.3%) were 24 weeks, 301 (29.9%) were 25 to 28 weeks, and 591 (58.7%) were 29 to 32 weeks gestation. A higher proportion of black infants were born with gestational age r28 weeks (n ¼ 115, 55.3%) as compared to white (n ¼ 201, 37.1%) and Hispanic (n ¼ 53, 38.4%), p<0.05. There was no association of the mean GA with race/ethnicity in any of the GA categories (Figure 1) .
Approximately one-third (34.3%) of our study population was multiple births. A higher proportion of the multiple births were among white (42.4%) as compared to black (22.1%), Hispanic (28.3%) and the other race/ethnic groups (25.2%), p<0.0001. The prevalence of multiple births was not significantly associated with GA (36.8% among neonates r24 weeks, 26.2% among neonates 25 to 28 weeks, and 39.9% among neonates 29 to 32 weeks). In each race/ethnic category, the distribution of neonates by GA and BW between singleton and multiple births were not dissimilar (p>0.05). As is shown in Table 1 , mean GA and BW were not associated with multiple pregnancies among all, except black race/ ethnic group. Moreover, GA (27.3±2.8 weeks) and BW (1073±0.455 g) of black neonates from the multiple pregnancies were lower than among white (29.2±2.8 weeks and 1332±0.475 g) and Hispanic (29.1±2.9 weeks and 1389±0.433 g), p<0.001. Overall and among singleton and multiple pregnancies no significant difference was found in the frequency of IUGR in each race/ethnic category.
The likelihood of developing asphyxia, defined as 1 min Apgar score r3, in neonates in different gestational age categories by race/ethnicity and plurality were similar (p>0.05). Black neonates developed asphyxia at almost the same rate (14.7%) as white (7.8%), Hispanic (14.4%), and Other (13.5%), p>0.05. Black infants were less likely to have received surfactant (n ¼ 68, 59.1%) as compared to white (n ¼ 144, 71.6%) and 9%) ); 25 to 28 weeks (white 10 (6.9%), black 6 (7.7%), Hispanic 5 (12.8%), and other 8 (20.5%)) and 29 to 32 weeks (white 5 (1.5%), black 2 (1.9%), Hispanic 2 (2.4%), and other 2 (3.5%)) (p ¼ 0.77, 0.06, 0.731, respectively). Among singleton and multiple births, infant mortality in the various race/ethnic categories was not significantly different: singleton (white n ¼ 26, 8.3%), black (n ¼ 23, 13.6%), Hispanic (n ¼ 10, 10.1%), and other (n ¼ 10, 12.9%)) and multiple births (white (n ¼ 24, 10.3%), black (n ¼ 8, 16.6%), Hispanic (n ¼ 5, 12.8%), and other (n ¼ 3, 11.5%)). These data show that the singleton and multiple birth infant mortality in each race/ethnic category were comparable.
The variation in the major neonatal morbidity such as BPD and IVH (Figure 2) , and also PVL, PDA, thrombocytopenia, and sepsis did not reach statistical significance when analyzed by race/ ethnicity in each GA category and was not impacted by plurality. Despite the lower GA and BW among the multiple birth black infants (Table 1) , there was no significant difference in the neonatal outcome.
DISCUSSION
The question of the racial/ethnic disparity in mortality and morbidity among preterm neonates remains open to interpretation.
Studies in this field have focused mainly on black versus white disparity with regard to infant mortality and frequency of very low birth deliveries. [5] [6] [7] 13, 14 Our study was conducted to define an association between racial/ethnic background and neonatal outcome in very preterm deliveries. The strengths of our study include (a) a generalizable population-based cohort since the cultural composition of our study population is similar to that of New Jersey State 19 less that 2500 g birth cohort race/ethnic distribution (white 60.1%, black 30.9%, and others 9.0%); (b) large sample size (more than 1000 infants less or equal to 32 weeks of gestation); and (c) reliable data on morbidity and mortality as obtained from complete discharge data files.
The result of our study shows that in this cohort of preterm neonates (r32 weeks) multiple births were more frequent in the white population and this is comparable with the United States vital statistics data. 20 Contrary to the findings of Davis et al., 21 there was no difference in the mean GA between the white and black preterm infants belonging to the same GA categories. As previously reported by Bernstein et al., 22 no connection of intrauterine growth restriction with race/ethnicity was found. Plurality did not have association with lowering GA and BW among white, Hispanic and other race/ethnic groups. Shinwell et al. 23 using the notion of Israel's population-based cohort of very low BW neonates also showed no connection between plurality and GA and BW. The multiple birth black infants were seen to have a lower GA and BW as compared to singleton black as well as to white, Hispanic and Other race/ethnic group. As also reported in previous publications, 24 ,25 plurality was not found to impact mortality in preterm neonates less than 32 weeks gestation. Compared with singletons, twins experienced increased morbidity after 38 weeks' gestation. 26 No differences in neonatal mortality and morbidity in black infants as compared to other racial/ethnic groups were found despite the significant differences in GA distribution and this corresponds with the findings of a population-based study in North Carolina. 27 It is possible that black fetuses may experience accelerated maturation of surfactant production in response to social and biologic stressors. 28 The lack of disparity in neonatal morbidity with black race may also be the result of a higher proportion of idiopathic preterm labor. 7 The results of our study should be interpreted in the light of their limitations. This is a preliminary study to investigate the differences in neonatal outcome in relation to maternal race/ ethnicity. Some maternal and neonatal variables that could influence the neonatal outcome were not available. [29] [30] [31] We did not review all the maternal and neonatal medical records to confirm the information obtained from the discharge data files. However, the validity of the discharge files was tested by reviewing 189 (18.8%) maternal and neonatal medical records. There were no errors regarding maternal and neonatal demographic and mortality data. Morbidity misclassification was less than 1%. Moreover, we believe that any misclassification bias as well as preventive and treatment strategies would be equally distributed among the various racial/ethnic groups. The retrospective design of our study did not allow extensive control for confounding variables. Social demographic status of the study population was not available from the data files. Nevertheless, an explanation for the racial/ethnic disparities in birth outcome by the effect of socioeconomic status is important but not sufficient to explain racial differences. 32 Our results suggest that neonatal outcome among very preterm delivered infants was not associated with maternal race/ethnic background. Despite the decreasing pattern of mean GA and BW, black preterm infants have a survival advantage as compared to white and Hispanic infants.
